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An informed society responding to climate 
and its impacts 

Are present drought conditions harbingers of 
future states? 
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Regional Climate Assessments:  
Uncertainty Language 

Quotes & explains IPCC 
likelihood statements 

Uses and explains IPCC 
terminology but scientists 
make own judgments 

No uncertainty or limited 
technical framework 

“It is extremely 
likely (>95%) 
that global 
temperatures 
and 
temperatures 
over Chicago 
are expected to 
warm further 
over coming 
decades....” 
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National/International 

Observations 
Modeling 

Platforms: 
Satellites, ships,  
buoys, stations Climate models, 

Earth systems 

Water 

Transportation 

Energy 

Ecosystems and 
Biodiversity 

Coastal Systems 

Agriculture 
Health 

Society 

A Changing Climate For Risk 
Management 

Living Marine 

National Security 
and Economy 
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What does “adaptation” address? 

The threat already posed to society from today’s 
climate variations 

Climate-sensitive development paths that might 
put greater population, ecosystem services, and 
economies  at risk 

The potentially high-impact but still critically 
uncertain additional risks presented by climate 
change 
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How do we adapt? 
 Infrastructure/assets 

 Technological process optimization 

 Institutional and behavioral changes or 
reinforcement 

 Crisis, learning and redesign 
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Practical implications 

 Need mechanisms for  anticipatory coordination within 
development plans 

 Develop climate risk management triggers 
(thresholds) for early warning of potential conflicts 
among water users 

 Develop and employ water efficient technologies 
 Engage communities and states in “mainstreaming” 

climate information into practice through participatory 
mechanisms (including co-development of scenarios) 

 What adaptation interventions have  been put into 
place and how do we know they’re working? 

 Ok and:  higher resolution, timing and World 
peace 
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Attribution statements on the ongoing drought in Southwest 
USA 

Possible poleward expansion of the subtropical region of descent of 
the Hadley Circulation is an outcome that is favored by models in 
response to a warming climate. Transfer the dry conditions of 
northern Mexico to the U.S. Southwest and southern Great Plains; 
may already be happening-Additional observations and modeling 
improvements will be required to assess the likelihood of its 
occurrence with greater confidence (CCSP SAP 1.3  page 90, Seager 
et al 2007; IPCC, 2007) 

Semi-arid regions of the Southwest are projected to dry further, and 
model results suggest that the transition may already be underway.  
(CCSP SAP 3.4  page 69) 

The most recent of the historical droughts, which began in 1998 and 
persists at the time of writing, has yet to etch itself into the pages of 
American history, but it has already created a tense situation in the 
West as to what it portends. Is it like the 1930s and 1950s droughts 
and, therefore, likely to end relatively soon? Or is it the emergence 
of the anthropogenic drying that climate models project will impact 
this?  (CCSP SAP  3.4  page 80)  
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“Human-induced climate change appears to be well underway in 
the Southwest. Recent warming is among the most rapid in the 
nation, significantly more than the global average in some areas. 
This is driving declines in spring snowpack and Colorado River 
flow” (USGSAP page 128, 2009) 

In the past decade, many locations, notably in the headwaters 
region of the Colorado River, have been more than 1°C warmer 
than the 20thcentury average. This warming has been the 
primary driver in reducing late-season snowpack and the annual 
flow of the Colorado River.  (Overpeck and Udall, Science, July 
2010) 
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1. Classic decision analysis, 
2. Traditional scenario planning, 
3. Robust decision making, 
4. Real options, and 
5. Portfolio planning 

Evaluation 

Decision Support Planning Methods: 
Climate Change Uncertainties and 

Water Planning 
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Colorado River Interim Guidelines -  
Time to think-A Robust Solution? 

  Operations specified through the full range of operation for Lake 
Powell and Lake Mead 

  Encourage efficient and flexible water use and management in the 
Lower Basin through the Intentionally Created Surplus (ICS) 
mechanism 

  Strategy for shortages in the Lower Basin2, including a provision for 
additional shortages if warranted 

  In place for an interim period (through 2026) to gain valuable 
operational experience 

  Basin States agree to consult before resorting to litigation 

1.  Issued in Record of Decision, dated December 13, 2007; available at 
http://www.usbr.gov/lc/region/programs/strategies.html 

2.  Mexico water deliveries are not directly effected by these guidelines   
    (US/DoI Bureau of Reclamation) 
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Short-term 
Scheduling 

Long-term 
Planning 

Mid-term 
Operations 

Real-time 
Control 

Spatial Resolution/ 
Time Horizon Operational Activity Decisions 

Basin-wide over decades 

Basin-wide over 1-2 years 

Sub-basin over 4-6 weeks 

Single project over 1-7 days 

Operating Criteria 
and Guidelines 

Annual Operating Plan 

Water and Power 
Schedules 

Unit Commitment 
Economic Dispatch 

Automatic Generation 
and Control 
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Info:  Levi Brekke (lbrekke@usbr.gov), 

Jim Prarie (jprairie@usbr.gov) 

… LC/UC 2007 approach has since been extended to blend paleo-
spell and projected climate/hydrology (Reclamation 2009) 
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Drought on Native American 
Lands-Landscape changes  in the 
Four-Corners Region 

(Nature, 2009) 



Nested Scenarios: Left High and Dry? (NPS) 

 Perennial streams transition and dry up 
 Water table dropping and spring discharge leads to possible long term water 

partitioning 
 Fire intensity and severity increase and frequency of erosion, invasives, 

closures and fire restrictions increases as well 
 Higher temperatures lead to increasing needs for emergency response for 

heat exhaustion and other heath related issues for visitors 
 Vegetation biomass and forage availability for wildlife decreases 
 Increase in disease within wildlife communities 
 Increase in social trails and trail management issues 
 As forest disease increases because of warmer winters and drought the fire 

risk increases as well 
 Exposure of archaeological and paleological resources to climate change 

impacts 

Livelihood loss, Upheaval, Migration… 

High-Level Scenario Local Scenario 
Desert shrublands 

“Left High and Dry”  is a world in which societal concerns around climate change rise, yet there is little real 
leadership shown to address challenges at a global or national level. At the same time, SW experiences more 
extreme droughts, with associated consequences for fire danger, vegetation and mega-fauna.  
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UNFCCC-The effect of a range of scientific, 
methodological and policy-related choices on 
the attribution, but not the full range of all 
uncertainties. 

Policy choices analysed here: 
–Indicator 
–Timeframes 
–Emission scenarios 
–Mixture of Greenhouse gases 

Two main factors influence results: 

• Whether a source emitted ‘early’ versus ‘late’ 

• The share of emissions of short-lived / long-lived gases 

• What is “dangerous” climate change? 
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Current work suggests, that the impact of 
policy choices, such as time horizon of 
emissions, climate change indicator and 
greenhouse-gas mix and relative contributions 
is larger than the impact of scientific 
uncertainties on absolute changes in 
temperature 
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Prioritize and select climate mitigation and adaptation/
resilience measures and revise periodically  
(extremes, variability and change) and development 

 Assumptions-e.g. climate knowledge, forecasts of  
socio-economic trends and drivers of growth 
 Effectiveness- Short-term adjustments/coping that 
constrain or enable longer-term risks 
 Benefits-adaptation in support of development goals 
 Limits-to adaptation e.g. ocean acidification 
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Are the present drought conditions 
harbingers of future  states? 

Economic diversification within sectors to reduce 
dependence on climate-sensitive resources, 
particularly for regions that rely on narrow ranges of 
climate-sensitive economic conditions 

The recent drought, forced by reduced 
precipitation and with reduced evaporation, has no 
signature of model-projected anthropogenic climate 
change (Southeast US: Seager, 2007) 
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The Basins and climate change   
  Historical context – water resource and policy development 
  The current threats - climate change, water scarcity and poor 

water quality 

The policy and science challenges to 
facilitating adaptation in water scarce 
basins 
  Managing for resilience – adaptive management, triage, 

environmental rights and environmental managers  
  Providing flexibility in adjustment – water trade and carry-over 
  Facilitating structural change in irrigation dependent regions - 

Thinking transformation not marginal change 



Designing a Climate Early Warning Information Systems  

  What exists?  
 Monitoring, forecasting, projections 
 Drought/flood-sensitive planning indicators and management 

triggers 
 Paleo-record 
 A plethora of “statements” about future 

conditions and conditioning factors 

 How does present  anticipatory coordination and 
information flow take place? 
 What partnerships, decision support tools and actions 

are needed (to improve information development, 
coordination  and flow for preparedness and risk 
reduction)? 



Impediments to the flow of knowledge among 
existing components 

Policies and practices that can give rise to 
failures of the component parts working as a 
system 

Opportunities for and constraints to learning 
and institutional innovation 

Uncertainty is critical but so is……. 
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•  used in the financial world to select a portfolio 
containing a mix of assets or strategies that minimize 
exposure due to future scenarios 

•  uncertainty is handled through the use of probabilities 
and Monte Carlo simulations 

•  exposure to uncertainty is minimized through hedging 
•  used extensively in the electric utility area 

Decision Support Planning Methods: 
Incorporating Climate Change 

Uncertainties into Water Planning 
Portfolio planning  
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“ALSO, THE BRIDGE IS OUT AHEAD” 

 Acknowledge 
uncertainties in 
science, but 
manage the risks 

 Focus on 
improving 
decisions 

Focus on the critical problems:  
asking AND answering the right question 
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Extreme Events 

Tropical Storms 

Droughts/Floods 

Climate  
Change 

Weather Climate  
Variability 

Blocking 

Change in weather 
event amplitude 
and frequency 

Teleconnections 

Change in climate 
event amplitude 
and frequency 

Global change Climate Trends 

Extremes – Climate Linkage 

25 
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No 

START 

Question 7) 
Should effects disclosure  

be based on projected  
climate change? 

Option 4: 
Quantitative 
Sensitivity 
Analysis… 

Option 5: 
Quantitative Effects 

Analysis… 

Option 1: 
No Analysis 

Question 6) 
Is look-ahead more  than  

~15 to 20 years? 

Significant Sensitivity? 
Question 1)  

Is climate relevant to the 
proposed project? 

Question 2)  
Is look-ahead relevant 
on a climate change 

time scale? 

Question 3)  
Are regional projections 

of climate change 
available? 

Option 2: 
Literature Review… 

Question 4)  
Do regional projections 

suggest significant 
change? 

Question 5)  
Is it preferable to 

follow lead of partner 
agency? 

No 

No 

Yes 

Yes 

Yes 

IPCC 2007:  (a) climate is generally assessed over 
a 20- to 30-year period; (b) climate change is 
generally measured as statistical changes 
between periods of 10 years or longer. (http://ipcc-
wg1.ucar.edu/wg1/Report/
AR4WG1_Pub_Annexes.pdf) 

Option 3: 
Qualitative Analysis… 

Option 6: 
Partner Lead… 

END 

Options 4 and 5 
include the same 
Literature Review as 
in Option 3. 

No 

No 

Don’t 
Know 

No 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

Case Study: ESA Consultation in CA’s Central Valley, 
sensitivity to climate (CVP OCAP 2008) 

http://www.usbr.gov/mp/cvo/OCAP/sep08_docs/Appendix_R.pdf 

Option 4: 
Quantitative 
Sensitivity 
Analysis… 

Option 5: 
Quantitative Effects 

Analysis… 

Option 3: 
Qualitative Analysis… 

Yes 

Yes 

Yes 

Yes 
Option 4: 

Quantitative 
Sensitivity 
Analysis… 

Yes 

No 

Don’t 
Know 



Nested Scenarios 

Welling, NPS and others 


